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Abstract 

PURPOSE: To provide a positive electrode material for a lithium secondary 
battery whose discharge cycle characteristic can be improved, its manufacturing 
method and the lithium secondary battery using it 

CONSTITUTION: Cobalt in lithium cobaltate having a layered structure is 
substituted with manganese and lithium according to 3Co 3+ *-+2Mn 4+ + Li* and a 
chemical formula is expressed by Li (LixMnacCoi- 3x ) 0 2 (0<x<1/3). 
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1. This document has been translated by computer.So the translation may not reflect the 
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CLAIMS 



[Claim(s)] 

[Claim 1] Positive-electrode material for lithium secondary batteries characterized by for 
the cobalt of the cobalt acid lithium which has the layer structure being replaced by 
manganese and the lithium according to 3Co3+<->2Mn4++Ii+, and expressing a 
chemical formula with Li(IixMn2xCol-3x) 02 (0<x<l/3). 

[Claim 2] The manufacture method of a positive-electrode material for lithium secondary 



batteries according to claim 1 characterized by adding and calcinating still more 
superfluous lithium salt as brewing composition chemical formula Li(LixMn2xCol-3x) 
02. 

[Claim 3] The lithium secondary battery using a positive-electrode material for lithium 
secondary batteries according to claim 1. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the positive-electrode material used for a 
lithium secondary battery, especially a nonaqueous electrolyte rechargeable battery, its 
manufacture method, and the lithium secondary battery using this. 
[0002] 

[Description of the Prior Art] In recent years, portable-izing of electronic equipment, 
such as an AV equipment or a personal computer, and cordless-ization are progressing 
quickly, and small and the demand to the rechargeable battery which is lightweight and 
has high-energy density are high as these power supplies for a drive. 
[0003] A non-drainage system rechargeable battery, especially a lithium secondary 
battery have the great expectation as a cell which especially has a high voltage and high- 
energy density at such a point. The research and development of the LiMn204 grade of 
LiCo02, IiNi02, or Spinel structure from which a lithium can be inserted and it can be 
desoibed as a positive-active-material material which fills the above-mentioned request 
are done briskly. 

[0004] However, LiXCo02 has the technical problem that contact of an active material 
and an electric conduction agent becomes inadequate, consequently capacity deteriorates 
in connection with a charge-and-discharge cycle by expansion of an electrode and the 
repeat of contraction while own reversibility of an active material falls, since change of 
the crystal structure in the process of the intercalation of a lithium and a day intercalation 
is large. Moreover, although it is not a technical non-technical problem, cobalt is 
expensive and the point which has misgiving in supply is also a problem. 
[0005] 

[Problem(s) to be Solved by the Invention] this invention cancels the technical problem 
of these conventional technology, and aims at offering the positive-electrode material for 
lithium secondary batteries which can raise a charge-and-discharge cycle property, its 
manufacture method, and the lithium secondary battery using this. 
[0006] 

[Means for Solving the Problem] In order to cancel the above-mentioned technical 
problem, this invention introduces tetravalent manganese ion, attains stabilization of host 
structure, and enables improvement in a charge-and-discharge cycle property. 
[0007] IiCo02 belonging to space group R3m wholeheartedly this invention person etc. 
as a result of research The substitution of 3Co(es)3+->Li++2Mn4+ is possible between 
Ii2MnO(s)3 (if it rewrites Li (Iil / 3Mn 2/3) 02) belonging to space groups C2/m. It 
finds out that it is possible to form complete-solid-solution Ii(IixMn2xCol-3x) 02, and 



came to complete this invention. 

[0008] That is, the cobalt of the cobalt acid lithium which has the layer structure is 
replaced by manganese and the lithium according to 3Co3+<->2Mn4-H-Li+, and this 
invention is in the positive-electrode material for lithium secondary batteries' 
characterized by expressing a chemical formula with Ii(LixMn2xCol-3x) 02 (0<x<l/3). 
[0009] until now, although adding manganese to LiCo02 and raising a cycle property, as 
shown below is reported, for the purpose of only replacing cobalt from manganese, the 
atomic arrangements in a crystal differ, the material of this invention is boiled clearly [ 
the material of this invention ] , and these differ clearly 

[0010] for example, according to JP.4-267053 A it is a cell using the material expressed 
with a general formula LixMyNz02 (M was chosen from the group of Fe, CO, and nickel 
here - it is a kind at least and N was chosen from the group of Ti, V, Cr, and Mn - it is a 
kind at least), and it is proposed that a cycle property improves Moreover, according to 
JP.6-44973 A it is proposed that a cycle property improves by the cell using the material 
which can be expressed with general formula Iiy(CoyMnx) 02 (x+y=l). However, the 
thing about the material belonging to space group R3m differs from a chemical 
composition, and these differ from the material of this invention clearly. 
[001 1] In order to manufacture the positive-electrode material of this invention, kthium 
salt, such as a lithium carbonate, a lithium hydroxide, and a lithium nitrate, manganese 
compounds, such as manganese oxide, manganese carbonate, and oxy-manganese 
hydroxide, and cobalt compounds, such as cobalt oxide, cobalt carbonate, and cobalt 
hydroxide, can be used as a raw material. The target solid solution is obtained by mixing 
only a lithium compound as superfluous and calcinating these raw materials at 800-1000 
degrees C in the atmosphere or oxygen atmosphere to a predetermined mixing ratio. In 
adding superfluous lithium salt having mixed and calcinated the raw material at a rate of 
the metallic element as the chemical formula of Ii(IixMn2xCol-3x) 02, Li2Mn03 
grade generates and a single phase is because it is not obtained. Although this cause is not 
clear, since superfluous lithium salt fuses during baking, the liquid phase is presumed to 
be what helps diffusion of each metallic element 

[0012] although the lithium added superfluously remains in forms, such as a lithium 
hydroxide and a lithium oxide, after a reaction, it is also possible to use for the positive- 
electrode material of a cell as it is — carrying out - moreover, rinsing - removing — **** 
for positive-electrode material of a cell - things are also possible 
[0013] 

[Function] General formula Ii (LixMn2xCol-3x) By replacing trivalent cobalt from 
tetravalent manganese, expansion of the grid at the time of the intercalation of a lithium 
and DIN TAKARESHON and contraction are suppressed, and the positive-electrode 
material for lithium secondary batteries obtained by this invention expressed with 02 
shows a good cycle property. 
[0014] 

[Example] Hereafter, this invention is concretely explained based on an example. 
[0015] In Li(LixMn2xCol-3x) 02, it was referred to as x=l/6 by using example 1 cobalt 
carbonate, manganese carbonate, and a lithium carbonate as a raw material, and further, it 
mixed by having made it change by the mole ratio with 0, 1/6, 2/6, 3/6, 4/6, 5/6, and 6/6, 
and the amount of superfluous lithiums was quenched after 24-hour baking at 900 
degrees C. The X-ray **** pattern of a product is shown in drawing 1 . Although the 



amount of superfluous lithiums is accepted for the peak of LiCo02 and Li2Mn03 by 0 
and 1/6, or more by 2/6, a peak resolution is not accepted but a single phase and a bird 
clapper are known. That is, 2/6 or more superfluous lithium salt is required to 
Li(LixMn2xCol-3x) 02 at 900 degrees C to compound solid-solution Li(LixMn2xCol- 
3x) 02. 

[0016] It compounded completely like the example 1 except having made example 2 
burning temperature into 1000 degrees C. The X-ray **** pattern of a product is shown 
in drawing 2 . In the burning temperature of 1000 degrees C, a peak resolution was not 
accepted or more by 1/6, but the amount of superfluous lithiums became a single phase. 
Since it becomes burning temperature is high and easy atomic to spread this, the 
influence of a superfluous lithium is presumed to be what becomes small. 
[0017] It compounded completely like the example 1 except having made the example 3 
lithium compound into the lithium hydroxide. The X-ray **** pattern of a product is 
shown in drawing 3 . Although the amount of superfluous lithiums was accepted for the 
peak of UCo02 and Ii2Mn03 by 0 and 1/6 like the example 1, or more by 2/6, a peak 
resolution was not accepted but it became a single phase. 

[0018] The amount of example 4 superfluous lithiums was made into 0.75x (1+x), nine 
stages of manganesexobalt ratios were changed from 1:9 to 9:1, and it quenched after 24- 
hour baking at 900 degrees C. The X-ray **** pattern of a product is shown in drawjngj 
. It can be said that coexistence of LiCo02 and Ii2Mn03 is not accepted, but serves as a 
single phase by any **** pattern. 

[0019] After rinsing the sample of the manganesexobalt ratio 1 :9 among the solid 
solutions obtained in the example 5 example 4 and removing superfluous lithium salt, the 
model cell shown in drawing 5 estimated the charge-and-discharge cycle property of a 
cell, the one-mol 4 boron-fluoride lithium was made into the cut voltage 3-4.3V and 
current density 1 mA/cm2 at the electrolytic solution using ** dissolved at the mixed 
solvent of propylene carbonate and 1 and 2-dimethoxyethane An evaluation result is 
shown in Table 1. in addition, drawings - setting - 1 - a negative-electrode terminal 
and 2 - an insulator and 3 - a negative-electrode collecting electrode plate and 4 - 
negative-electrode material and 5 - separator and 6 - a positive electrode ~ a mixture 
and 7 show a positive-electrode terminal, respectively 

[0020] Example of comparison 1 manganese was not added, but LiCo02 was prepared on 
the same conditions as an example 4 lithiumxobalt =1:1, and the same method as an 
example 5 estimated the charge-and-discharge cycle property of a cell. 
[0021] 
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[0022] Although the service capacity of the positive-electrode material by which 50 cycle 
does not replace is large so that clearly from the result of Table 1, henceforth [ 50 cycles 
], the service capacity of the positive-electrode material of this invention is large, and it 
turns out that the lithium secondary battery using the positive-electrode material of this 
invention is excellent in a charge-and-discharge cycle property. 
[0023] 

[Effect of the Invention] As explained above, the lithium secondary battery using the 
positive-electrode material of this invention is excellent in the cycle property of charge 
and discharge. Moreover, it also has the advantage that the amount of the expensive 
cobalt used can be reduced. 



TECHNICAL FIELD 



[Industrial Application] this invention relates to the positive-electrode material used for a 
lithium secondary battery, especially a nonaqueous electrolyte rechargeable battery, its 
manufacture method, and the lithium secondary battery using this. 



PRIOR ART 



[Description of the Prior Art] In recent years, portable-izing of electronic equipment, 
such as an AV equipment or a personal computer, and cordless-ization are progressing 
quickly, and small and the demand to the rechargeable battery which is lightweight and 
has high-energy density are high as these power supplies for a drive. 
[0003] A non-drainage system rechargeable battery, especially a lithium secondary 
battery have the great expectation as a cell which especially has a high voltage and high- 
energy density at such a point The research and development of the IiMn204 grade of 
UCo02, LiNi02, or Spinel structure from which a lithium can be inserted and it can be 
desorbed as a positive-active-material material which fills the above-mentioned request 
are done briskly. 

[0004] However, LiXCo02 has the technical problem that contact of an active material 
and an electric conduction agent becomes inadequate, consequently capacity deteriorates 
in connection with a charge-and-discharge cycle by expansion of an electrode and the 
repeat of contraction while own reversibility of an active material falls, since change of 
the crystal structure in the process of the intercalation of a lithium and a day intercalation 
is large. Moreover, although it is not a technical non-technical problem, cobalt is 
expensive and the point which has misgiving in supply is also a problem. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, the lithium secondary battery using the 
positive-electrode material of this invention is excellent in the cycle property of charge 
and discharge. Moreover, it also has the advantage that the amount of the expensive 
cobalt used can be reduced. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] this invention cancels the technical problem 
of these conventional technology, and aims at offering the positive-electrode material for 
lithium secondary batteries which can raise a charge-and-discharge cycle property, its 
manufacture method, and the lithium secondary battery using this. 



MEANS 



[Means for Solving the Problem] In order to cancel the above-mentioned technical 
problem, this invention introduces tetravalent manganese ion, attains stabilization of host 
structure, and enables improvement in a charge-and-discharge cycle property. 
[0007] IiCo02 belonging to space group R3m wholeheartedly this invention person etc. 
as a result of research The substitution of 3Co(es)3+->li++2Mn4+ is possible between 
Ii2MnO(s)3 (if it rewrites li (Lil / 3Mn 2/3) 02) belonging to space groups C2/m. It 
finds out that it is possible to form complete-solid-solution Ii(IixMn2xCol-3x) 02, and 
came to complete this invention. 

[0008] That is, the cobalt of the cobalt acid lithium which has the layer structure is 
replaced by manganese and the lithium according to 3Co3+<->2Mn4++Li+, and this 
invention is in the positive-electrode material for lithium secondary batteries 
characterized by expressing a chemical formula with Ii(IixMn2xCol-3x) 02 (0<x<l/3). 
[0009] until now, although adding manganese to LiCo02 and raising a cycle property, as 
shown below is reported, for the purpose of only replacing cobalt from manganese, the 
atomic arrangements in a crystal differ, the material of this invention is boiled clearly [ 
the material of this invention ], and these differ clearly 

[0010] for example, according to JP,4-267053 A it is a cell using the material expressed 
with a general formula UxMyNz02 (M was chosen from the group of Fe, CO, and nickel 
here - it is a kind at least and N was chosen from the group of Ti f V, Cr, and Mn - it is a 
kind at least), and it is proposed that a cycle property improves Moreover, according to 
JP,6-44973,A, it is proposed that a cycle property improves by the cell using the material 
which can be expressed with general formula Iiy(CoyMnx) 02 (x+y=l). However, the 
thing about the material belonging to space group R3m differs from a chemical 
composition, and these differ from the material of this invention clearly. 
[001 1] In order to manufacture the positive-electrode material of this invention, lithium 
salt, such as a lithium carbonate, a lithium hydroxide, and a lithium nitrate, manganese 
compounds, such as manganese oxide, manganese carbonate, and oxy-manganese 
hydroxide, and cobalt compounds, such as cobalt oxide, cobalt carbonate, and cobalt 
hydroxide, can be used as a raw material. The target solid solution is obtained by mixing 



only a lithium compound as superfluous and calcinating these raw materials at 800-1000 
degrees C in the atmosphere or oxygen atmosphere to a predetermined mixing ratio. In 
adding superfluous lithium salt having mixed and calcinated the raw material at a rate of 
the metallic element as the chemical formula of Ii(LixMn2xCol-3x) 02, Li2Mn03 
grade generates and a single phase is because it is not obtained. Although this cause is not 
clear, since superfluous lithium salt fuses during baking, the liquid phase is presumed to 
be what helps diffusion of each metallic dement 

[0012] although the lithium added superfluously remains in forms, such as a lithium 
hydroxide and a lithium oxide, after a reaction, it is also possible to use for the positive- 
electrode material of a cell as it is - carrying out -- moreover, rinsing - removing - **** 
for positive-electrode material of a cell - things are also possible 



OPERATION 



[Function] General formula li (lixMn2xCol-3x) By replacing trivalent cobalt from 
tetravalent manganese, expansion of the grid at the time of the intercalation of a lithium 
and DIN TAKARESHON and contraction are suppressed, and the positive-electrode 
material for lithium secondary batteries obtained by this invention expressed with 02 
shows a good cycle property. 



EXAMPLE 



[Example] Hereafter, this invention is concretely explained based on an example. 
[0015] In Li(IixMn2xCol-3x) 02, it was referred to as x=l/6 by using example 1 cobalt 
carbonate, manganese carbonate, and a lithium carbonate as a raw material, and further, it 
mixed by having made it change by the mole ratio with 0, 1/6, 2/6, 3/6, 4/6, 5/6, and 6/6, 
and the amount of superfluous lithiums was quenched after 24-hour baking at 900 
degrees C. The X-ray **** pattern of a product is shown in drawing 1 . Although the 
amount of superfluous lithiums is accepted for the peak of LiCo02 and Li2Mn03 by 0 
and 1/6, or more by 2/6, a peak resolution is not accepted but a single phase and a bird 
clapper are known. That is, 2/6 or more superfluous lithium salt is required to 
Ii(LixMn2xCol-3x) 02 at 900 degrees C to compound solid-solution Li(IixMn2xCol- 
3x) 02. 

[0016] It compounded completely like the example 1 except having made example 2 
burning temperature into 1000 degrees C. The X-ray **** pattern of a product is shown 
in drawing 2 . In the burning temperature of 1000 degrees C, a peak resolution was not 
accepted or more by 1/6, but the amount of superfluous lithiums became a single phase. 
Since it becomes burning temperature is high and easy atomic to spread this, the 
influence of a superfluous lithium is presumed to be what becomes small. 
[0017] It compounded completely like the example 1 except having made the example 3 
lithium compound into the lithium hydroxide. The X-ray **** pattern of a product is 
shown in drawing 3 . Although the amount of superfluous lithiums was accepted for the 
peak of LiCo02 and Li2Mn03 by 0 and 1/6 like the example 1, or more by 2/6, a peak 
resolution was not accepted but it became a single phase. 



[0018] The amount of example 4 superfluous lithiums was made into 0.75x (1+x), nine 
stages of manganesexobalt ratios were changed from 1:9 to 9:1, and it quenched after 24- 
hour baking at 900 degrees C. The X-ray **** pattern of a product is shown in drawing 4 
. It can be said that coexistence of LiCo02 and Li2Mn03 is not accepted, but serves as a 
single phase by any **** pattern. 

[0019] After rinsing the sample of the manganesexobalt ratio 1:9 among the solid 
solutions obtained in the example 5 example 4 and removing superfluous lithium salt, the 
model cell shown in drawings estimated the charge-and-discharge cycle property of a 
cell, the one-mol 4 boron-fluoride lithium was made into the cut voltage 3-4.3V and 
current density 1 mA/cm2 at the electrolytic solution using ** dissolved at the mixed 
solvent of propylene carbonate and 1 and 2-dimethoxyethane An evaluation result is 
shown in Table 1. in addition, drawings setting - 1 - a negative-electrode terminal 
and 2 - an insulator and 3 - a negative-electrode collecting electrode plate and 4 - 
negative-electrode material and 5 - separator and 6 - a positive electrode - a mixture 
and 7 show a positive-electrode terminal, respectively 

[0020] Example of comparison 1 manganese was not added, but LiCo02 was prepared on 
the same conditions as an example 4 lithiumxobalt =1:1, and the same method as an 
example 5 estimated the charge-and-discharge cycle property of a cell. 
[0021] 
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[0022] Although the service capacity of the positive-electrode material by which 50 cycle 
does not replace is large so that clearly from the result of Table 1 , henceforth [ 50 cycles 
], the service capacity of the positive-electrode material of this invention is large, and it 
turns out that the lithium secondary battery using the positive-electrode material of this 
invention is excellent in a charge-and-discharge cycle property. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

(Drawing 11 The graph which shows the X diffraction pattern of the product in an 
example 1. 

Drawing 21 The graph which shows the X diffraction pattern of the product in an 
example 2. 

fDrawing 31 The graph which shows the X diffraction pattern of the product in an 
example 3. 



rPrawing 41 The graph which shows the X diffraction pattern of the product in an 
example 4 

f Drawing 51 The outline cross section of the model cell of the lithium secondary battery 
used in the example 5. 
[Description of Notations] 

1: a negative-electrode terminal and 2: - an insulator, 3:negative-electrode collecting 
electrode plate, 4:negative-electrode material, 5:separator, and 6:positive electrode - a 
mixture and 7:positive-electrode terminal 
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